Robust bicycle and pedestrian data on a national scale would help promote effective planning and engineering of walking and bicycling facilities, build the evidence-based case for funding such projects, and dispel notions that walking and cycling are not occurring. In order to organize and promote the collection of non-motorized traffic data, a team of transportation professionals and computer scientists is creating a national bicycle and pedestrian count archive. This archive will enable data sharing by centralizing continuous and short duration traffic counts in a publicly-available online archive. While other archives exist, this is the first archive that will be both national in scope and enable data to be directly uploaded to the site. This archive will include online input, data quality evaluation, and data visualization functions and the ability to download user-specified data and exchange the data with other archives and applications. How will such an archive be created and what will be included? This paper details the first steps in creating the archive: 1) review of count types, standard formats, and existing online archives, 2) list of primary functional requirements, 3) archive architecture, and 4) archive data structure. The archive's versatile data structure allows for both mobile counters and validation counts of the same traffic flow, an innovation in design which greatly expands the usefulness of the archive.
INTRODUCTION
Robust bicycle and pedestrian data on a national scale would serve numerous purposes. Access to a centralized non-motorized traffic count archive will open the door for innovation through research, design, and planning; provide safety researchers with a measure of exposure; provide fundamental performance metrics for planning and funding decisions; and allow policymakers and transportation professionals to better support the public's desire for livable communities. Numerous jurisdictions have initiated nonmotorized traffic count programs. However, many agencies and policymakers, who need data to support investment decisions, are in locations without a centralized count program. This lack of access to count data may lead some decision-makers, planners and engineers to assume that cycling and walking levels are close enough to zero to be ignored. Providing reliable numbers may reveal a surprising amount of walking and bicycling is taking place.
The lack of a centralized data archive and common data formatting inhibits data sharing and access, thereby greatly reducing the utility of this growing, but dispersed, dataset. To remedy this, a team of researchers at Portland State University is creating a national online non-motorized traffic count archive (1) . For the purposes of this paper, the term "archive" is used to indicate a data storage and access system. While other online bicycle and pedestrian traffic count archives exist (2) , this is the first that is both national in scope and enables data to be directly uploaded to the site. This archive will include online input, data quality evaluation, data visualization functions and the ability to download user-specified data and exchange the data with other archives and applications. This archive is unique and the first of its kind because of both front-end and back-end software functionality that wraps around the database. This archive addresses the need for a national non-motorized traffic data one-stop location that provides multi-agency data access, distribution, and archiving.
The need for a centralized archive is demonstrated by the current state of bicycle and pedestrian counts in which many counts never leave the hard drives and servers of the agencies collecting them and many such data are lost. For example, when compiling continuous count data for the state of Colorado, the team identified data from at least six local agencies in addition to that collected by the state department of transportation (3) . None of these data had been included in a centralized archive and were thus difficult to share with other agencies who might be searching for them. While the National Bicycle and Pedestrian Documentation Project (4) does provide a standard count data collection format and invites participants to submit their counts, these data are not available to the public and are not compiled into a database. How would a non-motorized traffic count archive be created and what are the basic elements that should be included? This paper provides some answers. This paper details the first steps in creating such an archive and associated functionality: 1) review of count data types, standard data formats, and existing online archives, 2) list of primary functional requirements of the archive, 3) definition of the basic architecture for the archive, and 4) details of the archive data structure. The paper concludes with next steps for the effort. The goal of this paper is to inform others about the nonmotorized traffic volume data archive efforts and to illustrate a framework for building an open-source, practice-ready application for all public and private entities to use.
BACKGROUND
This background section is divided into three topics: a description of some of the types of non-motorized count data available, a summary of some of the main standard data formats, and a review of existing online non-motorized traffic count archives. Data formats are the requirements for how the count data and associated metadata are to be organized. Because the majority of non-motorized count data consists of pedestrian and bicyclist counts, this paper often refers to these modes in lieu of the term "non-motorized."
Duration and Types of Count Data
With a data archiving system, it is critical to understand how data that will populate the archiving system is gathered. This is important because an archiving systems back-end functionality is dependent on how data suppliers will provide information. In an effort to understand the back-end data suppliers of non-motorized traffic volume data, a review of the non-motorized count duration and data types is offered below.
Traffic count data, in general, are diverse, and non-motorized traffic count data are especially so because non-motorized travel is more complex (e.g., pedestrians may cross a road or intersection in a variety of ways) and because these data have lacked an effective central organizing mandate. However, there are some important function-based distinctions that inform data classifications. Bicycle and pedestrian count data can be classified by method of collection into several categories.
Classification by Duration and Data Collection Method
First, manual counts are counts conducted by individuals. Generally they consist of an individual, often an agency staff member, volunteer or intern manually counting people walking or bicycling. These counts may be taken on location in the field or while reviewing video recordings or feeds on a computer. They may be taken by hand by jotting lines on a paper schematic of the count location, with a handheld electronic counting board, by using a smartphone, or various other ways. Manual counts are often conducted over a short duration (e.g., two hours) at infrequent intervals (e.g., once annually). Because they are short in duration, these counts are also biased by weather conditions, events, and weekly and seasonal variation.
Next, short duration automated counts are distinct from manual counts in that they are collected by machine and typically have a longer duration than manual counts (24-hours to multiple weeks). They are collected by mobile automated counters. Because they are short in duration, they are also subject to biases such as seasonality and weather.
Finally, permanent automated counts may provide the best data about a location. Permanent automated counts are collected continuously, 24 hours per day, seven days per week, 365 days a year, by counters that are permanently installed at a location. Permanent automated counts do not need to be adjusted for seasonality and, in contrast with a 48-hour count, which could be affected by an unusual weather pattern, the long duration of permanent counts limits the impact of special events and unusual weather. However, they are still susceptible to under or over counting due to occlusion, improper set up, or other technical issues related to the specific technology, site, and traffic flow.
Each type of counts may contain bias. Manual counts are often conducted by volunteers or otherwise non-full-time counters, may be subject to counter bias. Automated counters require appropriate installation and maintenance and need validation. While such counts are not subject to human bias, they may have substantial biases due to occlusion, improper installation or setup, and other systematic errors depending on the specific technology, site, and traffic flow (5). However they also allow for much longer duration counts than are possible with manual counting and thus provide a valuable source of count data. With such count records, one can study hourly, daily and monthly traffic patterns, which would be impossible to study with only manual counts.
Intersection vs. Segment Counts
Another important way to classify count data is by whether the count is collected at an intersection and or on a road or path segment. Intersection counts are sometimes broken out into turning movements. Segment counts are also known as screenline counts because they count every bicyclist or pedestrian who crosses an imaginary line drawn perpendicular to the facility. Many manual counts are collected at intersections, and most automated counts are collected on segments. Recent developments in video image processing are making intersection counts feasible for longer durations.
Intersection counts can be much more complex than segment counts because traffic turns at intersections. The paths of non-motorized traffic flow at intersection is not as channelized as it is for motor vehicles. For example, bicyclists may either act as on-street vehicles or use crosswalks like pedestrians. This leads to a greater degree of complexity in non-motorized intersection counts than is required for motor vehicle counts.
Description of Standard Data Formats
This section provides an overview of current standard data formats. The project team reviewed these formats, in addition to the formats of data provided by our partner agencies, to inform our database structure design and where possible to be compatible with other count archives. Our goal is to create a robust data structure that can handle data from a variety of input sources, including manual and short duration and permanent automated counts. For this reason, an understanding of existing standard data formats is important.
Non-motorized count data formats vary by jurisdiction in the case of manual counts and by counter manufacturer in the case of automated counts. To standardize these data, there are at least three main ongoing efforts in the U.S. The oldest is that offered by the National Bicycle and Pedestrian Documentation Project (NBPDP) (4). The other two have only been established in the last two years: the Los Angeles Bike Count Data Clearinghouse (2) and FHWA's Traffic Monitoring Guide (TMG) (6) data format. The NBPDP and Los Angeles formats are designed for manual counts. The TMG format includes the ability to adapt to both manual and automated counts but is best adapted to automated count data.
This section begins with a discussion of the variety of raw count data and then details each of the three main efforts to standardize these data.
Raw Data Formats
Despite efforts by the NBPDP and others to standardize manual counts, they are collected in many formats. The forms provided by NBPDP are often modified to suit the needs of local jurisdictions, which can lead to lack of compatibility both in the raw data themselves and in the formats in which the data are stored. For example, the NBPDP intersection form is specific for bicycle counts only, but some jurisdictions have modified it to collect pedestrian counts as well. Similarly, the NBPDP intersection form does not record gender or helmet use, but has been modified by some jurisdictions to include these fields, adding to the complexity of the data produced.
For automated counts, the data formats used by different equipment manufacturers can vary and are often not interoperable. These raw data usually consist of a date and time followed by a count, or counts for directional counts or equipment which counts multiple locations or modes. However, even minor differences between data files require modifications to the loading script for each raw file type to be added to an archive. Once such a script is created, uploading future data can be automatic, unless the manufacturer changes the data output file format even slightly. This becomes more problematic the more raw data formats an archive supports and the more often manufacturers make format changes.
For this reason, standardized formats are desirable in order to archive data. If all data were always produced in one standard format, adding them to an archive would be significantly easier.
National Bicycle and Pedestrian Documentation Project
The first effort on the national level to create a standard format for bicycle and pedestrian counts was the NBPDP. The NBPDP was initiated by a joint effort between ITE and Alta Planning and Design in 2004 as a response to the lack of available bicycle and pedestrian data for use in analysis, estimation, and other purposes (7). The NBPDP website provides standard forms, instructions, and other information for agencies interested in counting nonmotorize traffic. The NBPDP has helped and encouraged many jurisdictions around the nation to start bicycle and pedestrian counting programs.
The NBPDP accepts and stores data files submitted by email to the project's administrators. It encourages submitters to use its standard data format for such submission but does not require it. The format includes contact information for the person responsible for data as well as data fields summarized in Table 1 . The format asks for general information on the area in which the count is collected and count-location-specific information as well as count data. While these fields would provide helpful metadata for those studying the area, they can sometimes be found in other databases and may not be readily accessible to the count data provider. This can lead to few data providers submitting data such as population density or number of visitors to an area.
While the NBPDP data collection methodology is meant to provide guidance on data collection methods, it does not address the need for electronically managing the data in an organized, standardized, easily-accessible database and associated archiving system. Access to data collected using the NBPDP method is found by request only, can be paperformat only and does not yield an electronically efficient way to access data in a practiceready format.
Los Angeles County Bike Count Data Clearinghouse
Another effort to standardize and collect bicycle count data comes from the Los Angeles area. The University of California Los Angeles (UCLA) Luskin School of Public Affairs' Bike Count Data Clearinghouse project began in 2012 with the goal of housing bike volume data from the Los Angeles County region (8) . The project is co-sponsored by Southern California Association of Governments and the Los Angeles County Metropolitan Transportation Authority. This data archive offers a user-friendly interface featuring a web-GIS tool to make housed data accessible for use. Data are standardized for municipalities in Los Angeles County. To the authors' knowledge, this archive is the only publicly available, online bicycle count archive that also enables no-cost online data uploads from agencies within a region.
While the Los Angeles Data Clearinghouse provides access to data electronically, the project database structure is focused on handling primarily two-hour count data. With a lack of continuous count volume data or a minimum of 24 hours of consecutively collected hourly traffic count data, conclusions about time of day, day of week, and travel volume trend patterns cannot be reached. Data handling and uploading of data are restricted, and data suppliers must first obtain approval to upload data to the system.
Traffic Monitoring Guide
The FHWA's Traffic Monitoring Guide (TMG) is "intended to provide the most up to date guidance to State highway agencies in the policies, standards, procedures, and equipment typically used in a traffic monitoring program" (6) . Chapter 7 of the recently updated TMG gives instructions for coding and entering collected non-motorized traffic count data in the TMG format. The TMG's main goal is to help states manage and improve their traffic monitoring programs, including all related business processes, technology, and equipment. Unlike the previously discussed data formats, the TMG format has precise requirements for the number and type of characters in each field in a data file.
The TMG format includes two types of data files: non-motorized station description records and non-motorized count records. Data fields in the station description include state and county codes, station identification code (Station ID), functional classification of road (including two new categorize for trails and general area counts), and other specifics as listed in Table 1 . The count record includes 24 hours of data per record, optional weather information, and repeats some of the same fields also included in the station description.
Existing Online Non-motorized Traffic Count Archives
There are a multitude of existing online archives of bicycle and pedestrian count data in the U.S. and abroad. They fall in to four categories as described in the matrix in Figure 1 depending on if the source code is publicly or privately owned and if the data are available to the public or if access is restricted.
This review focuses on those archives which are both publicly available and public agency owned with open-source code because they are most similar to the scope of this project. Examples are listed in Table 2 . These are usually managed by local or regional agencies who desire multi-agency data sharing. With the exception of the Los Angeles Bike Count Data Clearinghouse (2), these sites do not allow users to upload data to the system, but only allow users to view or download data. The project team found no states with an easily accessible public online bicycle and pedestrian count database. This illustrates, once again, the need for a nationally accessible system that can provide publically available online non-motorized traffic volume data.
The Travel Monitoring Analysis System (TMAS) operated by FHWA is an archive of motor vehicle traffic data, the new version of which is being designed to include nonmotorized traffic counts (6) . While this database is operated by a public agency, it currently does not include non-motorized count data and is not available to the public. For these reasons, it is not included in Table 2 .
The NBPDP provides a standard data format and encourages participants to send in data files. However, it does not archive these data into one database and does not make these data available publicly. For this reason, it is not included in Table 2 .
In addition to the publicly available data archives listed in Table 2 , there are also many privately available data archives and online tools. Most of these data management products cater primarily to motor vehicle traffic, but some include bicycle and pedestrian traffic. Traffic count database products are available through detector manufacturers and traffic data software providers. These proprietary software products provide data analysis tools and often produce reports and some are able to export the data for use in other software.
FUNCTIONAL REQUIREMENTS
One of the first steps in building any national archiving system or data warehouse is to develop functional requirements. Building this national archiving system has included obtaining funding for the basic creation of a bicycle and pedestrian count data clearinghouse. With this initial project, a basic non-motorized traffic count clearinghouse will be established as part of Portal, an existing transportation data archive operated at Portland State University (9) . The new archive is referred to as the "Bike-Ped Portal" in this paper. The basic functions that the Bike-Ped Portal is being designed to include are listed in Table 3 in the first phase of the work.
Data Prioritization
Managing the development of a data archiving system requires careful thought and prioritization to produce a working product within a given budget and time frame. While the vision for the project is to include all types of count data, in order to produce a working data archive within the budget and time frame of the project, which is to be completed in November 2015, some data types are prioritized over others.
The priorities, listed below, were made based on the recommendations of the project's Technical Advisory Committee (TAC) and are based on their desire to focus on the most complete, quality-driven, and manageable data first.
 Datasets with 24 hours of consecutively collected hourly counts or greater per location are a first priority. Shorter duration counts are a second priority.
 Data collected on segments are a first priority. Data collected at intersections are a second priority.
Counts longer than 24-hours are prioritized because they provide views of travel patterns over the course of the day that cannot be known with shorter duration counts. Traffic statistics can be calculated with 24-hour counts and continuous count volume data can provide conclusions about time of day, day of week, month of year, and year to year travel volume trend patterns.
Counts at intersections are inherently more complex and are usually associated with counts collected for less than 24 hours. For the first phase of work, if automated count data are collected at intersections, each approach to the intersection will be treated as a separate road or path segment. The ability to archive individual turning movements is a task left for future phases of work.
The archive will be publicly available through the Portal website and any interested agency will be encouraged to upload data. The first phase of work will support data input in a few specific data formats the specifics of which are yet to be determined.
ARCHIVE ARCHITECTURE
The diagram, shown in Figure 2 , illustrates the system architecture for the Bike-Ped Portal. The Bike-Ped Portal has two primary components -the Bike-Ped Portal web interface and the Bike-Ped Portal archive.
When building any archiving system, developing a strategic database architecture that is solid, sustainable and maintainable is critical. For this project, a system architecture that provides front-end, back-end and middle-ware database functionality is required. Below are system architecture components with descriptions of the anticipated functionality.
Data Sources and Upload
Count data will arrive into the archive from two primary sources: files uploaded by agencies through the web interface and files automatically uploaded to a file transfer protocol (ftp) site. The count data will be accompanied by metadata that describes the count segments and detectors. All metadata will be uploaded through the web interface. As part of the upload process, the data will be checked to ensure it meets basic formatting criteria and "sanity checks," such as verifying the start date of the file precedes the end date and that required data fields are not null. If the data pass these initial checks, the data are loaded into the "raw data" portion of the Bike-Ped Portal archive. If the data do not pass the check and the data are rejected, the user will be notified either that the data have passed the initial checks and the Quality Assurance and Quality Control process (henceforth "QA/QC") has begun or that the data have been rejected.
Bike-Ped Archive
The Bike-Ped Portal uses a PostgreSQL database that is shared with the existing Portal traffic data archive. The archive stores both the raw uploaded data and the validated data.
Data Quality Process
The data uploaded to the Bike-Ped Portal will be checked through a QA/QC process. The diagram in Figure 2 shows some important features of the QA/QC process. The QA/QC process will identify suspect data based on simple flags such as counts that are unusually high for a given hour or day and unusually high numbers of consecutive identical counts. Data will arrive to the archive either through the web interface or through automated upload to an ftp site. In either case, the user will be notified of the suspect data.
The notification will be either directly through the web-upload process for data being uploaded through the website or through an email for data that are uploaded to the ftp site. The process for validation will be the same for datasets uploaded through the web site or through the semi-automatic ftp upload. In either case, the user will be asked to investigate and validate suspicious data. The user will be provided with information about the data quality tests that fail as well as will be able to view simple plots of the data.
The user will be given the ability to add notes to the data. Each note will be associated with a count detector and a range of time. The notes will give the user a chance to record information about events or other things that affect the counts, particularly of interest are observations that may not be available from other sources. After the user has reviewed the data and QA/QC information, the count data will be accepted into the validated data in the archive or may be included but marked as invalid data which will be hidden from public use.
Bike-Ped Portal Web Interface
The Bike-Ped Portal will have a web interface which supports data upload, the QA/QC process and also provides plots and maps of the data. The plots and maps in the web interface query the validated data in the archive.
ARCHIVE DATA STRUCTURE
As with all data archiving systems, the archive data structure describes how the metadata and validated data are stored within the archive. The data are stored with an eye toward minimizing redundancy while preserving as much detail as available in the raw data. The data structure was designed to allow easy access to the data for querying and easy and efficient future data processing.
As shown in Figure 3 , the data structure consists of the following basic elements: Segment Areas, Detectors, Facilities, Flows, Count Descriptors, and the Data records themselves. While the specific fields included in these basic elements may be adjusted, the elements themselves and their relationship to one another have been finalized and represent a novel and versatile approach to archiving bicycle and pedestrian count data. Each element is described below.
The Segment Area represents the section of roadway or path on which the count is collected including all associated transportation facilities. In the upper portion of Figure 3 , the largest rounded rectangle represents the Segment Area. For example, if the count were conducted on a bridge, the segment area would include the entire bridge, roadway, sidewalks, and paths. This area will be input by the user and used for future efforts to combine count data with various line-based datasets. The Segment Area has high-level attributes such as name, state, county, and observed land use. In addition, TMG attributes were included in the data structure for the purpose of exporting to TMG format. Finally, for the geographic attribute, Segment Area is spatially represented as a polygon in the archive.
In this data structure, the Detector element represents the device that is used to collect counts. A Detector may be a pneumatic tube for bicycle counts, an inductive loop bicycle detector, an infrared device, or a person. The Detectors are shown as large dots in Figure 3 . Multiple Detectors may to be associated with one Segment Area. The attributes of the Detector device include a description and information about the device, such as if it is automated or permanent and its make, model, and serial number. As with Segment Area, TMG fields have been included to support output to TMG format.
The Facility represents the facility on which traffic is being counted. For example, a Facility might represent the north sidewalk of a roadway or a bicycle lane on the roadway. Facilities are shown as two boxes, one for each sidewalk on either side of the roadway represented by the Segment Area in Figure 3 . Facility data include information describing the type of facility, its width, and pavement type.
The Flow represents that traffic flow that is being counted. A single Detector may count multiple Flows. For example, a single Detector may count both bicycles and pedestrians, or a single Detector may count both northbound and southbound traffic. Thus there are typically multiple Flows associated with each Detector. There can also be multiple Detectors associated with a given Flow. The Flow includes the travel direction and mode of travel.
In order to accommodate multiple Detectors for a given Flow and multiple Flows for a given Detector, a table was created to link a given Detector to a given Flow, called the Count Descriptor. The Count Descriptor table also includes the location of the Detector, which is represented as a point.
The final item in the data structure is the Data records themselves. These records contain simply the time interval of the count and the counts recorded in that time period. A file to be uploaded to the site is likely to contain many Data records.
The data structure is currently focused on counts collected on road or path segments. However, in the future phases of work, the team plans to expand the basic data structure to include intersection-specific data. This can be accomplished by making modifications to Segment Area to define an intersection area instead of a segment, minor modifications to Detector, and expansion of Flows and Facilities to include specific movements and crosswalk counts. This illustrates the inherent flexibility in the archive data structure.
CONCLUSION
The project team has taken on the development of a national non-motorized traffic volume data archiving system. Many agencies have developed archiving systems but none have attempted to provide public access to a national standardized non-motorized dataset. With this being the first attempt, much will be learned during implementation that offers agencies access to a practice-ready non-motorized dataset.
This paper provides a survey of the existing non-motorized count data landscape, and proposes a design to create a national online non-motorized traffic count archive. The review of existing count types, formats, and publicly available archives reveals that, though there are many archives, none are both national in scope and enable data to be directly uploaded to the site. The archive outlined in this paper will fill that gap and provide a needed forum for sharing non-motorized count data beyond jurisdictional boundaries. This paper details how such an archive would be created, including the basic architecture, features, and database structure. This archive will include online input, data quality evaluation, data visualization functions and the ability to download user-specified data and exchange the data with other archives and applications. The archive's versatile data structure allows for both mobile counters and validation counts of the same traffic flow, an innovation in design which greatly expands the usefulness of the archive while minimizing data storage requirements.
The archive will enable data sharing such that the data collected by one agency can be shared with many others and not be lost. This archive would provide safety researchers with a measure of exposure, allow local and regional agencies to share count data and estimate daily non-motorized traffic, and provide policymakers and transportation professionals with basic information on cycling and walking to inform decisions and plans around the country.
NEXT STEPS
The next steps for the project may include improving the user interface, more refined data quality checking processes, and expanding tools to compute non-motorized AADT. The existing scope only allows non-motorized AADT to be computed if sufficient data are available to use the AASHTO method (10) . However, if seasonal adjustment factors were computed using the permanent count data available in the archive, they could be applied to short duration counts in order to estimate AADT at additional locations. The project team hopes to include development of such functionality in future phases of this work. This development might include further investigation of appropriate techniques for automated grouping of count stations as well as resolving issues of computing seasonal factors specific to the data included in the archive.
Key to the success of the archive as a national resource will be encouraging its adoption by both data suppliers and data users. To this end, the project team will update the Transportation Research Board on our progress through the Bicycle and Pedestrian Data Subcommittee and will communicate with a set of national stakeholders. The success of this effort lies in the hands of jurisdictions around the country finding it useful and continuing to fund it. 
Basic application programming interface (API).

Data to Include
Prioritize segment count sites with at least 24 hours of data. 
